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(The experiments were made in the Neuro-pathological Laboratory, King's
College, in association with Prof. Ferricr, F.R.S.)

IN the course of an experimental investigation upon the
conduction of sensory impressions in the spinal cord and
brain, it was considered necessary to destroy, individually,
the tubercles upon the posterior surface of the medulla
oblongata. The symptoms following lesions of the clavate
and cuneate tubercles have been elsewhere described j 1 in
this communication the symptomatology, of destruction of
the tubercle of Bolando alone will be detailed.

It was observed that a lesion, thus localised, induced
disturbances of sensation in the region of the fifth cranial
nerve on one side, and upon the body and limbs on both
sides.

It was found that experiments upon this tubercle caused
a constant series of objective sensory phenomena; while
those on the spinal cord showed that the effects of hemi-
section were uncertain and various, as indeed recent in-
vestigators have already pointed out.

The value of a localised lesion, such as that of the tuber-
culum Bolando, is obvious, in that being situated quite on
the lateral aspect of the medulla, it may be destroyed
without damage to the tracts passing up the opposite side ;
on the other hand, it is difficult to perform a hemisection

1 Phil. Trans., vol. clxxxv., 1894, p. 755.
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of the cord without either directly or indirectly injuring
structures situated across the middle line.

In the previous series of experiments upon hemisection
of the spinal cord (BRAIN, 1891, p. 496), certain facts were
noted, which showed that there did not exist entire uni-
formity in the symptoms following this operation; and
others were at that time observed which were difficult to
explain, but upon which subsequent, and more extensive,
observation has thrown light. At the time referred to, the
clip, as a means of testing cutaneous sensibility in animals,
was not in general use; during the past few years, however,
it has been almost universally adopted, and by some is
probably relied upon exclusively, the earlier and more
simple means being largely discarded.

Mott's1 observations upon monkeys also show that con-
siderable variety of symptoms followed this operation;
sometimes the animal responded to cutaneous irritation
more readily on the paralysed, sometimes on the non-
paralysed side; and at others there appeared to be little
difference between the two sides.

It would therefore seem from these, and subsequent
experiments, that considerable variation exists in monkeys
(and probably also in other animals) in the symptoms
following hemisection of the spinal cord.

EXPERIMENTS.

Monkeys only were used in the investigation, and strict
antiseptic precautions were invariably adopted. In every
case chloroform was employed as an anaesthetic.

The tubercle of Rolando was exposed by an incision in
the middle line of the neck, removal of the arch of the atlas
and incision of the theca vertebralis. It is seen lying
external, and somewhat caudal to, the tuberculum cuneatum
and is easily recognised by its oval shape and greyer super-
ficial appearance. It may be necessary, in order to bring
the tubercle fully into view, to tilt the postero-inferior

1 Mott, Phil. Trans., 1892, vol. clxxxiii., B.p.
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margin of ihe vermis cerebelli. The galvano-caustic knife
was used to destroy the tubercle.

In the experiments to be presently recorded, the clip used
had a more powerful grip than that now adopted in the
laboratory. I t cannot therefore be relied upon as a means
of testing slight defects of tactile sensibility.

EXPERIMENT I.—Mac. rhoesus, April 23, 1892.
After recovery from the immediate effects of the operation, in

which the left tubercle was destroyed, the monkey presented the
following symptoms:—paresis of the left arm and leg, and in-
sensibility to all forms of stimulation of the left cornea, and left
side of the face and forehead; with temporary narrowing of the
left palpebral fissure and a less prominent state of the left eye-ball.

On the day following the operation the animal was prostrate,
and it was difficult to determine with certainty the state of
cutaneous sensibility. On the third day, however, recovery had
taken place, and the following symptoms were observed : there
was no obvious evidence of the presence of tactile sensibility on
the left limbs or left side of the body, for the animal paid no
attention to gentle touching, ruffling the hair, or dropping water
on this side, nor was the left hand or foot withdrawn when
dipped into cold water, while a response was at once obtained
when the right arm and leg were similarly irritated.

When the clip was attached to the left limbs, the monkey
struggled and tried to bite, but made no attempt to remove it;
on the other hand, when similarly attached to the right side
there was no struggling, but the clip was at once pulled off.

Pricking gently the left side of the body, the left limbs and
the right side of the face, invariably produced evidence of dis-
comfort, for the monkey would struggle or bite, but no such
response was obtained from the right lower limbs or the left side
of the face; when the right arm was pricked the monkey
occasionally gave some slight sign of sensation by biting or with-
drawing the limb, but here it was more difficult to exclude
possible vision.

Five days later there was obtained evidence of a sense of
touch on the left or paretic limbs. The animal was on several
occasions seen to scratch the place on the left arm where it was
gently tickled.

The monkey remained in this condition without any very
obvious change in the symptoms until June 22, when it was
killed under chloroform. The cornea remained throughout anses-
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thetic and did not show any evidence of opacity or ulceration.
There was only at the outset a temporary conjunctivitis and
slight oedema of the eyelids.

Autopsy.—The lesion involved the tubercle of Eolando
throughout its extent, the actual amount of destruction
being shown in figs. 1 and 2.

In addition to the lesion of the tubercle, the adjacent
structures were involved indirectly by extension of traumatic
influences. The structures thus implicated were—the
clavate and cuneate tubercles only in their proximal parts,
the pyramidal tract as it bends from its decussation into the
lateral column of the spinal cord, and the postero-lateral
part of the grey reticular formation. The cicatrix, however,
was chiefly confined to the gelatinous substance forming the
tubercle of Eolando, which was completely destroyed.

EXPEEIMENT II.—Mac. sinicus; April 26, 1892.
In this case also the left tubercle was destroyed. As a con-

siderable quantity of blood was lost at the time of the operation,
the monkey remained weak for four days. On regaining strength
on the fifth day, the following were observed: a response to
tactile impressions was obtained from both sides; either foot or
hand was withdrawn from cold water, and an object was grasped
when inserted into the palms or the soles. When the clip was
applied to the right limbs, it was immediately withdrawn by the
monkey, but there was little or no evidence that this was felt
as a painful sensation, for there was no struggling or attempts
at biting, which invariably occurred when the clip was attached
to the left limbs. At times also the clip was localised on this
side, more especially when applied to the buttocks and about
the root of the tail.

Paresis of the left arm and leg, and anaesthesia of the left face,
forehead and cornea existed.

This condition remained practically unchanged during the
next fortnight. At this time the paresis had to a large extent
passed off. Localisation also of tactile impressions was distinctly
present on the left side, although the response was not so active
as on the right.

The monkey was killed on June 9, 1892. By this time the
paresis had disappeared, with the exception of loss of power of
the finer movements of the left hand. The cornea was not now
completely anaesthetic, and there was no evidence of any ulcera-
tion or opacity.
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Autopsy.—The lesion in this case does not appear to
have been so complete as in the previous experiment.
Owing to some error in preparing the brain for microscopic
examination, it has been found impossible to reproduce a
photograph of the lesion; but from a study of the sections
obtained, it was seen that the structures implicated were :
the tubercle of Bolando, the top of the left crossed pyra-
midal tract, the adjacent cuneate tubercle and the dorsal
part of the left grey reticular formation.

EXPERIMENT I I I .—" Sooty " monkey, male ; October
29, 1892. Destruction of the right tubercle of Bolando.

After recovery from the operation the monkey presented con-
siderable disturbance of equilibrium; there was a tendency to
roll towards the right side, and it was unable to sit up without
support. There was paresis of the right arm and leg; the right
pupil was smaller than the left, and the right cornea and side of
the face were anaesthetic. Gentle cutaneous irritation of the left
limbs and left side of the body always caused the monkey to
scratch the part so irritated, but no evidence of the presence of
tactile sensibility was obtained on the right side. Pinching,
pricking and the clip were invariably localised on the left side
but not on the right.

The above was the only observation made upon this monkey.
From the fact that it was suffering from diarrhcea afc the time of
the experiment, it did not long survive the operation.

Subsequent examination of the site of the lesion showed that
the tubercle of Eolando was destroyed, and as in the previous
cases the pyramidal tract, the adjacent portions of the grey recti-
cular formation and funiculus cuneatus were slightly implicated.

EXPERIMENT IV.—Mac. rhoesus; November 22, 1892.
In this case the right tubercle was destroyed. On the day

after the operation the monkey presented the following symptoms:
paresis of the right arm and leg; there was no obvious evidence
of the presence of tactile sensibility on the right limbs, as tested
by gentle ruffling of the hair and the dropping of water; while
similar irritation was at once localised on the left side by scratch-
ing. It bore with equanimity pricking on the left side, which
caused active manifestations of feeling on the right. When the
clip was applied to the right foot, struggling at once ensued ;
when attached to the left there was no struggling, but the animal
at once withdrew it; it never attempted to withdraw the clip
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from the right foot. There was anaesthesia of the right cornea
and right side of the face, and the right pupil was smaller than
the left.

Two days later there was still no clear evidence that the
monkey was aware of dropping water, or gentle rubbing of the
skin of the right arm or leg. As evidence of analgesia of the left
side may be mentioned the fact, that the monkey leant this side
against the hot plate of the stove without apparent discomfort.

At the end of the week, however, there was no doubt that the
monkey was aware of the gentlest touch on the right leg and
right side of the body ; it moved away from the source of irrita-
tion, but it did not localise by scratching, although it looked
round to the place of irritation.

Six weeks after the operation the monkey was in good health.
Although the right arm was still paretic, the leg had, to a great
extent, recovered. It bore on the left limbs the pressure of
forceps, which occasioned struggling and discomfort when applied
to the right. The right cornea remained clear throughout, but
later on its sensibility and that of the right side of the face was
merely defective as compared with the opposite side. The monkey
was killed on January 23, 1893, without any further change in
the symptoms having occurred.

Autopsy.—The lesion, in this case, was practically the
same as that in the first experiment. The amount of
destruction has been reproduced in figures 3 and 4. At
the lower part (distal) of the lesion, the only structure
destroyed was the gelatinous substance of Eolando; while
in the upper part, in addition to this, there were involved,
and partly destroyed, the cuneate tubercle and the adjacent,
dorsal part of the grey reticular formation. But here again,
the cicatrix produced by the cautery occupied the position of
the tuberculum Bolando.

EEMARKS.

The effects of localised destruction of the tubercle of
Rolando, as observed in these experiments, may be divided
into two sets; firstly, defects of sensibility over the distri-
bution of the fifth cranial nerve on the side of the lesion;
and secondly, alterations in the sensibility of the body and
limbs on both sides.
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(1) The phenomena over the distribution of the trige-
rninal nerve consisted in defect or abolition of all forms
of sensation in the cornea, the skin and the mucous mem-
branes supplied by that nerve. The loss of sensibility thus
obtained, was due to the destruction of the so-called
" ascending " trigeminal root, where it lies upon, and forms
the superficial white stratum of, the Rolandic tubercle. It
was specially observed in those cases, that, although the
cornea remained anaesthetic throughout the life of the animal
after the operation, in no case were "trophic" changes
noted either in the form of corneal opacity, ulceration or
ophthalmitis. This subject, however, has been submitted
to more extensive experimental investigation, and brief
reference has been already made to it.1 The details of these
experiments will be given in another communication.

Among other and minor symptoms noticed, were narrow-
ing of the pupil on the side of the lesion, and in one experi-
ment a very decided narrowing of the palpebral fissure on
the same side. The existence of pupil-dilating fibres in the
ophthalmic branch and sensory trunk of the trigeminus was
thus confirmed, and their presence in the so-called " ascend-
ing " root has been established by these experiments.

(2) Coming now to the more important physiological
question concerning the sensory phenomena in the body
and limbs after this lesion, it will be noticed 'that the
symptoms present a marked degree of uniformity.

The general statement may be made that, on the side of
the lesion, there was temporarily after the operation no
apparent evidence of the presence of a sense of touch, or
of localisation, although in one case (Experiment II.), a
sense of contact appeared to be present, but defective;
while the sense of pain, as such, was in every instance
retained. In the second experiment, however, the symp-
toms were not observed until the fifth day, by which time
some recovery had probably .taken place. On the opposite
side, tactile impressions were invariably localised, while
there was loss or defect of the sense of pain, as such,

1 Perrier, BBAUT, 1894, p. 1.
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although the site of irritation, whether this was effected by
pricking, or by the application of the clip, was accurately
localised. On the side of lesion there was weakness of
the voluntary movements of the arm and leg, which, on
subsequent examination, was found to be due to injury to
the fibres of the crossed pyramidal tract under the tubercle
of Eolando {vide figures).

In order to compare these results with those of hemi-
section of the spinal cord by the same methods, the follow-
ing two experiments were made.

EXPERIMENT V.—Section of the left side of the spinal
cord. Mac. cynomolgus; June 11, 1892.

On recovery from the anaesthetic, the monkey was found to
be paraplegic and to pay no attention to sensory impressions of
any sort on either lower limb. There was no general shook, as
it was otherwise active and took food well. This condition
remained until the third day after the operation. When tested
on this occasion, the monkey accurately localised the clip,
pricking and gentle scratching of the skin of the right lower limb
and right side of abdomen, but it gave no sign of pain or dis-
comfort. It paid absolutely no attention to any form of
irritation on the left lower limb. Both legs remained com-
pletely paralysed. The temperature of both soles was nearly
equal: left sole 89-5° F., right sole, 905° F. The knee-jerks
were equal and apparently normal. At the end of a week slight
movements of flexion at the right hip-joint were detected, but
the state of sensation remained as before. Although the animal
invariably localised, where it was touched or pricked on the
right lower limb, there was no evidence by struggling or other-
wise that the latter was felt as painful. The left lower limb
remained completely paralysed, analgesic and anaesthetic until
the death of the animal six weeks after the operation.

Autopsij.—The lesion was made between the sixth and
seventh dorsal nerves. Sections taken from the seat of
lesion after hardening in Miiller's fluid and staining by the
Weigert-Pal method showed that the cicatrix extended
across the middle plane. The whole of the left side of the
spinal cord was divided and the incision filled with cica-
tricial tissue, which extended across so as to obliterate the
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posterior column of the opposite side, and, to some extent,
the posterior horn of grey matter. The opposite lateral
and anterior columns and the anterior horn were unaffected
(fig. 5).

EXPERIMENT VI.—Section of the left side of the spinal
cord in the upper dorsal region. Mac. sinicus ; January
24, 1893.

On the day after the operation the monkey was submitted to
careful testing, and the following facts were observed:—There
was complete paralysis of the left leg; the repeated prick of
a needle and the application of the clip were accurately localised
upon the right leg, but no struggling or other evidence of the
appreciation of painful sensation was observed, such as invariably
happened when the left leg was pricked or the clip applied. On
this side struggling followed pricking and the clip, but there was
no attempt at localisation on the left lower limb. There was no
clear evidence of a sense of contact on either leg, other than that
already noted. Tactile impressions were readily detected on the
arms.

One week after the operation, however, definite evidence was
obtained of a sense of touch on the right foot, for when gently
touched with the finger or when blown upon, the foot was with-
drawn, and at times the monkey would scratch the place so
irritated.

Three weeks after the operation the left lower limb remained
completely paralysed, nor was there any evidence of the presence
of a sense of touch upon this limb. Pricking and the clip gave
active manifestations of feeling, but without localisation, while
on the right side, although impressions both of touch and pain
were localised, there were no signs that the latter was felt as
such.

Autopsy.—The lesion itself was an almost exact hemi-
section, and is shown in fig. 6. With the exception of
the mesial part of the anterior column, the whole of the
left side of the cord was formed of the cicatricial tissue.
The secondary degenerations also indicated an almost com-
plete hemisection, for with the exception of a few scattered
black spots (by Marchi's method) in the antero-lateral
superficies of the right side, the resulting descending de-
generation was limited to the lateral and antero-lateral
columns on the side of the lesion.
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Closer analysis of these two experiments shows certain
interesting features. The symptoms immediately following
the operation in Experiment V. were those of a complete
transverse section of the spinal cord, both as regards motion,
sensation, and the knee-jerks. On the third day recovery of
tactile sensibility took place on the side opposite the lesion,
but the state of motion remained defective for a longer time.
To look carefully at the actual amount of destruction of the
cord which had taken place, it will be seen that, in addition
to the hemisection of the left side, the whole posterior
column and the greater part of the posterior horn of grey
matter on the right side, has been replaced by cicatricial
tissue; while of the remainder of the grey matter, the
anterior horn and adjacent tissue remains unaffected. So
far, therefore, as the posterior region of the cord is con-
cerned, the lesion is, to all intent, bi-lateral. This no
doubt explains the bi-lateral anaesthesia and analgesia,
which was temporarily observed. The early return of the
sense of touch on the side partially destroyed, indicates
that the tracts subserving touch may have a more general
distribution throughout the grey matter than those of pain,
in which case a greater amount of destruction is necessary
to abolish tactile sensibility—a view which may explain the
dissociated loss of painful sensibility in syringomyelia.

The symptoms observed in these two cases, especially
Experiment VI., differed to some extent from those pre-
viously recorded after hemisection of the spinal cord
(BRAIN, op. cit.), as well as from those observed by Mott1

after a similar operation.
They emphasise what had been previously observed, and

what was very apparent in Mott's experiments, viz., the
removal of the clip only from the side opposite the lesion.
It is difficult to state what form of sensation the applica-
tion of the clip conveys, but it has been found from an
extensive series of observations upon the production of
sensory disturbances in monkeys, that the removal of the
olip goes pari passu with the existence, but especially the

1 Mott, Phil. Trans., op. supra cit.
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localisation, of tactile sensibility, ascertained by other
methods, whatever be the state of the motor functions.
The removal of the clip from a paralysed leg was well
illustrated in Experiment V., in which, as a result of herni-
section, both legs were paralysed. The monkey, however,
accurately localised the clip, on the side opposite the lesion.

It is necessary to point out, that although the clip was
removed from the limbs on the side opposite the lesion, both
after hemisection. and after destruction of the tubercle of
Eolando, there was no evidence of a sensation of pain as
such. Neither by struggling nor otherwise did the animal
give any evidence of this; while with the exception of
the complex Experiment V., the application of the clip
invariably gave rise to struggling on the side of the lesion.
In both series of experiments the evidence bearing upon the
loss of the sense of pain on the side opposite the lesion
was most convincing. The sense of touch, however, appears
to be differently conducted. In none of the experiments
was there any clear evidence, at least temporarily, of the
presence of a sense of touch on the side of lesion, while it
was invariably shown to be present on the opposite side.

There are few experiments upon the region of the
Eolandic tubercle, a record of which I have been able to
obtain. Three are recorded by Herzen and Loewenthal.1

Their experiments were performed on cats, but instead of
destroying the tubercle of Eolando, they made an incision
through the posterior column and the dorsal part of the
lateral column on one side, at the junction of the spinal cord
and medulla oblongata. The consequent disturbances of
sensation do not seem to have been very minutely tested,
but the general result is in harmony with those recorded in
this paper. For example, in the first experiment, one
month after the operation, the animal bore the contact of a
piece of ice on the paws on the side of the lesion without
any sign of sensation, but at once withdrew them when ice
was applied to the opposite side.

In the second experiment sensation appeared to be less
active on the side of the lesion than on the opposite side.

1 Herzen and Loewenthal, Arch, de Physiol., 1886, p. 260.
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In the third case, a more energetic response followed pinch-
ing the toes of the paw on the side of the lesion than on
the opposite side; while, as in the first case, one month
after the operation, the limbs on the side of the lesion could
be immersed in ice water without the slightest sign of sensa-
tion, while those on the opposite side were withdrawn on
the first contact with the water. Further, no notice was
taken of touching the hind limb on the side of lesion, while
that on the opposite side was at once moved.

From this it appears that tactile sensibility, chiefly
ascertained by the contact of ice, was abolished on the side
of the lesion ; painful sensation, on the other hand, tested
by pinching, was defective on the side opposite the lesion.

Bechterewl also records an experiment which he per-
formed upon a dog in this region. By passing a knife through
the occipito-atloid foramen, he was able to divide the fol-
lowing structures on the right side — the greater part of
Burdach's column, the fibres of the posterior decussation, the
outer part of the reticular formation, as well as the gelatinous
substance of Rolando and the ascending trigeminal root.
As a result of this lesion he found, that the right side of the
face, mouth, tongue, and the right cornea were anaesthetic
and analgesic; and that the tactile sensibility on the right
limbs was distinctly defective compared with the left, the
sense of position of these limbs also was lost. On the left
limbs the animal responded to the slightest cutaneous irrita-
tion, but made no response to painful impressions. The
motor power of the limbs was not materially altered.

I have been unable to find the record of any case of
disease or injury in man at this locality, which was followed
by & post-mortem examination. There are two cases, how-
ever, in which the symptoms point to a lesion at or about
the junction of the spinal cord and medulla oblongata.

(1) Bechterew's Case.2—The symptoms were observed
one year after a bullet wound was inflicted on the left side at
the level of the atlas; on the right side there was anaesthesia
of the face, paralysis, eventually becoming merely weakness,

1 Bechterew, Neztrol. Centralb., 1894, p. 298.
1 Bechterew, Neurol. Centralb., 1893, p. 457.



DESTRUCTION OF THE TUBERCLE OF ROLANDO. 243

of the right arm and leg, dulling of the sense of touch and
complete palsy of the "muscle-sense." On the left side
there was paresis of the arm and leg, which eventually dis-
appeared, loss of the senses of pain and temperature, dulling
of the sense of touch, but retention of the " muscle-sense."

In this case, as the motor symptoms show, the lesion
was not completely unilateral, a fact which may account for
the dulling of tactile sensibility on both sides. The con-
dition of painful sensibility on the right side is not stated ;
nor is a definition given of the term " muscle-sense." If it
may be interpreted as the sense of position, then its reten-
tion on the side on which tactile sensibility was least
affected, and associated with loss of painful sensibility, is in
close harmony with the recorded experiments upon the
Eolandic tubercle.

(2) Steiglitz's Case.1—The right side of the face and
right cornea were completely anaesthetic; the right side of
the body, though paralysed, was sensible to the slightest
touch, the pressure of the bedclothes being almost painful;
but the sense of position of the limbs was uncertain. On
the left side there was anaesthesia to touch, pain and
temperature, but there was no ataxy of the left limbs.

In this case the association of anaesthesia of the face and
cornea, with altered sensibility of the body and limbs, sug-
gest a lesion above the second cervical nerve root, and in
close proximity to the tubercle of Rolando. From the com-
plete decussation of the senses of touch and pain, it is more
probable, however, that the lesion is higher up in the medulla
oblongata.

The original experiments recorded here, taken in asso-
ciation with those of Herzen, Loewenthal and Bechterew,
show that at the medullary-spinal junction the paths con-
ducting the sensations of touch and pain are represented on
both sides; the path for painful sensibility being crossed,
and that for touch both crossed and uncrossed.

It would appear, however, that lower down in the spinal
cord there is no absolutely constant distribution of the

1 Steiglitz, Neurol. Centralb., 1893, p. 145.
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fibres entering by the posterior nerve roots. Sometimes it
was found experimentally that all forms of sensation were
abolished on the side opposite the lesion, or again, that
one form (touch) was abolished on the side of lesion, and
another (pain) on the side opposite.

Coming, however, to the spinal-medullary junction, we
find a more uniform method in the arrangement of the sen-
sory tracts. At this level the path of painful impressions
has entirely decussated, while those of touch are passing up
more or less on both sides. In course of time after the
operation, some recovery takes place, and we find the
animal, whose Eolandic tubercle has been destroyed, again
localising cutaneous impressions within a few weeks after
the operation.

But if we now consider what are the probable paths
of sensation, we find valuable evidence from the experi-
ments on the Bolandic tubercle, taken in conjunction with
Experiment V.

In the first series, the lesion was, for all practical pur-
poses, limited to the gelatinous substance and posterior
horn, and the symptoms were, loss of touch on the same
side and loss of pain on the opposite.

In Experiment V. both posterior columns, one posterior
horn completely and the opposite horn partially, were
destroyed, and the symptoms were complete anaesthesia
and analgesia on both limbs, but after the third day sensi-
bility to touch returned on the side on which the posterior
horn was only partially involved.

One may therefore conclude that the posterior horns
contain the fibres, which subserve the cutaneous sensibility,
rather than the posterior columns, which in the spinal
experiment were both completely destroyed, and in the
tubercle experiments only partially involved, and that by
secondary traumatic rather than direct influence.

An examination of the figures shows that the gelatinous
substance of Rolando, with the subjacent posterior horn, has
been chiefly destroyed, although neighbouring structures
have been, to a slight extent, secondarily involved. Prom
the results of the experiments, it would appear that the
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gelatinous and spongy substances of the posterior horn
may be of greater importance in the conduction of sensory
impressions than has hitherto been suspected.

When examined histologically by the Golgi method, the
gelatinous and spongy substances of the tubercle of Eolando
are found to contain a large number of fine nerve fibres and
their end-tufts, which the observations of Kolliker1 and Held2

have shown to be, in the medulla, the axis-cylinder processes
and collaterals of the cells of the Gasserian ganglion. In the
spinal cord a similar structure is observed, being in this case
the terminal nucleus of certain of the posterior root fibres.
Situated in the substantia spongiosa, in close relation to
the end-tufts, are large multipolar nerve cells, whose axis-
cylinder processes pass into the tegmentum medullse.

It has also been shown that section of the sensory trunk
of the fifth nerve proximal to the Gasserian ganglion, or of
the so-called "ascending" trigeminal root in the medulla,
was followed by degeneration and atrophy of the fibres,
which pass through the gelatinous substance and of the net-
work which these fibres form in the spongy substance of the
posterior horn. No atrophy of the cells, on the other hand,
was detected in this situation.3

What the further course of the sensory trigeminal fibres
may be, is more difficult to state. Owing to the interruption
of degeneration, which occurs in the substantia spongiosa,
no direct observations by this method have been recorded;
but the observations of Kolliker and Held point to a pas-
sage across the raphe in the medulla and pons of the axis-
cylinder processes of the cells of the substantia spongiosa.

This crossed relation of the sensory trigeminal fibres, as
well as of the sensory fibres from the body and limbs, was
corroborated by an experiment, where, after hemisection of
the tegmentum pontis, anaesthesia of the opposite half of the
body was detected.

As elsewhere shown {Phil. Trans., op. cit.), destruction
of the nuclei of Goll and Buxdach was not followed by any

1 Kolliker, Handb. d. Gewebelehre, 1893.
2 Held, Arch.f. Anat. und Physiol. Anat. Abtheil., 1893.
* Phil. Trans., vol. clxxsv., 1894, p. 763.
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appreciable defect of common sensibility in the body or
limbs; and Mott (BRAIN, 1895, p. 11) has more recently
stated, that it was impossible to make out anything definite
regarding sensation after severence of the fibres leaving
these nuclei. Now as these nuclei give origin to the fibres
forming the fillet of the opposite side, it is impossible to
support the view that the fillet is the tract of ordinary
cutaneous sensation, at all events in the lower (distal) por-
tions of the medulla oblongata. Moreover, there are cases
on record of haemorrhage into, or softening of, the teg-
mentum pontis in which the fillet was intact, but which
were accompanied by anaesthesia of the opposite side.
Added to this is the more important fact, which the ex-
periments here recorded have brought out, that destruction
of an entirely different region, viz., the posterior horn and
gelatinous substance of Bolando, is followed by charac-
teristic sensory disturbances on both sides of the body.

The experimental evidence in this paper is in favour of
the view suggested by Tooth1 on anatomical grounds, that
the gelatinous substance and the adjacent part of the pos-
terior horn are chiefly concerned in the transmission of
sensory impressions.

1 Tooth, Journal of Physiol., Supplement, 1892, p. 173.
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EXPLANATION OF THE PIGUKES.

FIGS. 1 and 2 illustrate the lesion in Experiment I.
xx. indicate the position of the lesion.
f.g. funiculus gracilis.
f.c. funiculus cuneatus.
s.g.r. gelatinous substance of Rolando.
a.h. anterior horn.
d.p. pyramidal decussation.
f.r. reticular formation.
if.o. inferior olivary body.
Py. pyramids.
V. asc. ascending root of trigeminus.

FIGS. 3 and i illustrate the lesion in Experiment IV.
xx. indicate the position of the lesion.
The lettering is the same as in figs. 1 and 2.

FIG. 5 is a section through the lesion from Experiment V. It will be seen
that the whole of one side of the spinal cord, with the exception of the anterior
column, is replaced by cicatricial tissue, which extends across to the posterior
horn of the opposite side, this also being partially implicated.

FIG. 6 represents the extent of the lesion in Experiment VI.
a.h. anterior horn.
p.h. posterior horn.
P.c. posterior column.
a.m.f. anterior median fissure.
xxx. cicatrix.

Note.—In the figures representing the lesion of the Rolandic tubercle the
outline of the cicatrix has not been depicted. This is due to the fact that the
sections having been stained by the Weigert-Pal method, the fibrous tissue of
the cicatrix was not sufficiently dense to retain any colour.


